The privatization of electricity distribution companies in the state monopoly has increased significantly in recent years. Privatization is expected to improve the quality of services in the electric distribution sector and to provide additional income to the state. In this paper the privatization revenues of the 18 electricity distribution companies in Turkey are calculated through regression equations. The privatization revenues of the electricity distribution companies are identified by 5 models containing microeconomic and macroeconomic variables (parameters). The study indicates a correlation between the considered variables and the privatization revenues of the electricity distribution companies and useful parametric formulations are proposed. The proposed models and regression equations obtained can be employed for future predictions of privatization contributions after making the necessary adjustments by considering the real exchange rates, which is helpful in determining tender offer prices.
Introduction
Electrical energy is one of the most important sources for economic and social development in terms of social comfort and electricity generation. It is important that electrical energy as a fundamental input is continual, reliable, and sufficient as populations grow and the economies of countries develop. Natural, economic, environmental, and financial problems in electrical energy generation are evaluated holistically.
Since electricity storage is not economical it is very important that electrical supply and demand be balanced. Demand for electricity always varies and depends on several parameters, but it is not flexible in the short term [1] . The electrical distribution sector must be reorganized through proper plans towards privatization by considering natural monopoly characteristics. The elapsed process from electricity generation to its use has four main stages: generation, transmission, distribution, and consumption. The electricity distribution sector worldwide has a natural monopoly property [2] .
Reforms and deregulations in the electrical industry promote a transformation in the establishment and organization of electricity companies. These concepts, present since 1990, denote the transition from a monopolistic to a competitive stage. Activities within the framework of reformation, construction, generation, and sale of electricity face competition and the development of bulk sale markets [3] .
Reform in electricity implies existing electricity companies being unbundled, a combination of companies in some activities, or the formation of new companies; deregulation describes the removal of controls on competitor suppliers in the electricity market [4] .
Recently, increasing global competition has necessitated a decline in electricity prices, which is a basic input for several industries. This situation has placed an emphasis on electrical energy reformation in many countries. Electrical energy could give rise to various problems in the case of public ownership. For instance, in Latin American countries the electrical industry requires privatization and reformation due to a high debt stock, and in some European countries the coal industry is subsidized by the electrical industry [5] .
The goal of reformation and deregulation is higher economic effectiveness. Therefore, it is necessary that cost minimization occurs not only in electricity supply, but also in electricity consumption. Factors such as competition in the electricity market, productivity rise, and cost and price drops bring forth emerging new products and services. Reforms in the electricity industry started at the generation stage. Experiences of privatization of distribution enterprises indicate that the distribution cost is approximately one-third of the total electricity cost and could be decreased considerably [6] .
The following are the main factors that contribute to the rapid spread of reform and deregulation [5] :
• The growth of new production technologies like combined-cycled natural gas turbines.
• The generation of fundamental input of electric energy in all sectors on the condition of decreasing the input cost in a competitive global economy.
• The adaptation to new technologies in new companies.
• The formation of basic facilities in order to activate electricity markets because of growth in knowledge technologies.
Privatization means an extensive decrease in economic activities of government, where sometimes publicly owned enterprises devolve to the private sector.
Privatization includes social and political targets in addition to the achievement of an effectively running market economy. Some of its economic goals are as follows: gaining productivity, market economy development, capital market improvement, and hard-currency income increment. Furthermore, the economic targets are summarized as revenue generation for the government and public corporation recovery from debt.
The aims of privatization can generally be given as follows [7] :
• In terms of economic growth and its effectiveness.
• In terms of financial and budget improvements.
• In terms of income distribution.
Normally, the primary objective of privatization programs is to maximize economic efficiency. Practically, the privatization programs of political decision-makers are based on social and political grounds. Privatization was considered a solution for financial crises of countries. For this reason the expectation from privatization has overcome budgetary problems and has increased short-term revenues. Today privatization is perceived as an important strategy for economic growth.
The studies carried out so far have focused on privatization revenues related to number of years, sectoral distributions, privatization targets, and budget contributions. It is clear that privatization revenues are an important budgetary source. Therefore, revealing the variables that affect these revenues will be helpful in predicting the privatization revenues. In the current study a parametric formulation of privatization revenues from the energy distribution companies is presented. This approach is also useful for other kinds of energy privatization such as electricity generation and natural gas distribution companies. The resulting models are for 2009, but can also be used for future years by simply updating the coefficients (k 1 , k 2 , k 3 , k 4 ).
Privatization of the electricity distribution sector in Turkey
In Turkey the first law that allowed private sector participation in the electricity sector was enacted in 1984. This law has allowed not only private attempts to establish new production facilities with contracts of build-operatetransfer (BOT), but also private enterprises of distribution facilities by transfer agreements of operation rights. The agreements of BOT envisage operations for a period of 20 years with manufacturing facilities established by the private sector that would be transferred to the government at the end of the period. Operation rights agreements give the operation, maintenance, and repair of state-owned distribution facilities to the private sector [8] .
Legal and economic issues of privatization of the distribution system and restructuring of the electricity sector are examined in various studies [9] [10] [11] [12] The strategy document shows a course of action for the work to be done during the transition period up to 2013. After the strategy document was published, Turkey's distribution network was divided into 21 distribution regions ( Figure 1 ) [13] . Although privatization tenders for all regions were published, the entire electricity distribution system could not be privatized because of problems encountered in some regions. Another issue that is important for the sector is the rate of illegal consumption, which is higher in Turkey than in developed countries (Table 1 ). Turkey's average illegal consumption is 17.7%, while in the US it is 2.32% and in OECD it is 8.86% [14] . Through privatization in Turkey and with the implementation of necessary reforms the rates of formal and illegal losses (technical and nontechnical losses) are expected to decrease down to the levels of OECD countries. In Turkey one of the structural aberrations of the electricity sector objectives is to ensure the tariffs fall by increasing the efficiency of the system. For this reason the transition period between 2006 and 2010 was rightly foreseen, but after 2010 a planned transition to a fully cost-based tariff structure took place (see Table   2 ). However, the transition period was extended to 2012. Table 2 . National tariffs for the transition period in TRL/kWh [7] . For privatization of the distribution regions the stock sales model is applied, according to which an investor is the only electricity distribution license holder in the region. Ownership of the elements of the distribution facilities operated by the investor is expected to remain TEDAŞ's responsibility. The investor will only have the right to operate the distribution system as the owner of shares in the distribution company within the framework transfer of the operating rights contract that was signed by TEDAŞ.
One of the major objectives of privatization is that the investments required by the distribution system are provided by the private sector and the burden on the state budget is reduced. Continuity and quality have utmost importance in electricity distribution services.
Investment expenditures consist of the following three components:
• Expansion of investments and the cost of expropriation.
• Renovation in investments.
• Tendered and ongoing investments.
Liberalization of the electricity sector advances the objective of alignment with the European Union. With the privatization of the public sector needed reforms are carried out since the timely and successful privatization of electricity generation and distribution assets is very important in terms of liberalization.
In accordance with the High Planning Council Decision (number 2004/3), the main expected benefits from the electric power sector reform and privatization are as follows:
• Reducing costs as a result of the effective and efficient ways of electricity generation and distribution.
• Ensuring the security of electricity supply and improving its quality.
• Reduction of technical losses in the distribution sector to the averages of OECD countries and prevention of leaks.
• Provision by the private sector for the necessary renovation and expansion investments without the burden on public legal entities.
• Regulation of service quality in electric power production and trade activities through competition in order to provide better quality service to consumers.
The 2004/3 decision clarified the basic principles of privatization in Turkey. Accordingly, the following points can be mentioned.
• The privatizations will be conducted by the Privatization Administration within the framework of Law 4046.
• A solely income-oriented approach will not be employed in the privatization applications.
• A permanent increase in electricity prices will not follow privatization.
• Strong companies will be encouraged to participate, provided they have the financial capability for the aims and objectives of privatization in a free electricity market.
• The operation of investments required will continue uninterrupted regardless of the privatization process.
• Acceleration of privatization of the generation and distribution assets will be made within the scope of this document in order to facilitate the privatization administration, and if required by the necessary legal arrangements.
• In a liberalized market, distribution companies holding retail license should initiate the privatization of the distribution sector to show manufacture activity that will give investors confidence in the structure.
• Ensuring the creation of a competitive structure for electricity production and generation, the assets will be privatized by appropriate grouping.
• In the privatization applications current public obligations will be taken into account and a system of government guarantees (not required) will be established.
The Turkish electric market liberalization scheme is shown in Figure 2 .
According to the Energy Market Regulatory Authority, between the 2006-2010 and the 2011-2015 periods a 2.5 times increase in investment in electricity distribution is reported based on demand forecasting. Furthermore, 8.5 billion USD in the next 5 years will be devoted to investment in electricity distribution. Furthermore, the rate of leakage loss, which is currently around 20%, is projected to fall to 10% by the end of 2015. A 1% reduction in the rate of leakage loss corresponds to savings of approximately 10 billion TRY. The privatization of the electricity distribution sector was started in February 2009. As of today, 52% of the electricity distribution market has been privatized. Additionally, according to the Turkish Electricity Market Regulatory Assembly (EMRA), the following privatization benefits are provided [15] : • Efficiency and increased services in the sector.
• Construction of new service buildings.
• The street lighting system was renewed.
• Customer service has improved.
• Staff training has been increased by 100%.
• Increased investments in the IT sector.
• The total collection rate has increased (for instance, while the payment received rate for agricultural irrigation in an area was 19% previously, it rose to 86% following privatization).
• Successful reduction in the loss and illegal rates.
Private sector shares of the electricity market, privatization revenues, and privatization methods for Turkey are given in Tables 3, 4 , and 5, respectively [16] . Table 5 . The share of privatization methods in Turkey [7] .
Privatization method
In parallel with the economic developments in Turkey and the rest of the world, the electricity market narrowed during the last quarter of 2008 and in 2010 started to recover again. The need for investment has increased due to an increase in demand since 2011. An infrastructure of legislation was developed and dynamically redesigned in response to these changes. Electricity consumption in 2009 was down (-2%) due to the global crisis; it increased by 8.5% in 2010 and by 9.5% in 2011. Furthermore, the 2011-2020 generation capacity projection data seem to support the forecasts based on electricity demand and generation increase in the next 10-year period. New electricity generation, transmission, and distribution investments in Turkey between 2005 and 2020 will be 104,765 million USD according to projections of the Turkish Ministry of Energy and Natural Resources.
Privatization revenues of the electricity distribution companies in Turkey
The privatization revenue of an electricity distribution company depends on several factors such as book value, inventory of fixed assets, liberalization of the electricity market, growth of electricity demand, high profit expectations in the electricity sector, and variation trends of the electricity tariff.
Revenues from privatization in the electricity sector in Turkey are based on the power and distribution plants. Usually, two privatization methods are used:
• Privatization through the sale of assets.
• Privatization of assets transferred for a certain period of operation rights.
The second method is used in the privatization of electricity distribution companies in Turkey. During the operation rights (the privatization of an electric distribution company for N years) the highest tender is registered as the privatization revenue of the company. Private institutions that offer tender and bid prices are determined by the formulation of engineering economics known as net present value [17] : 
Generally, K is greater than 1. If it has a high value, it is in accord with the goal of maximizing the state's privatization revenues. A small value indicates a special organization completed by the privatization process at a minimal cost. Information about the electricity distribution companies in Turkey for 2009 is summarized in Table 6 . As a result of the privatization of power distribution companies (Table 6) [18, 19] , the total expected revenue is about 16 billion USD.
A parametric study of the privatization of electricity distribution companies in Turkey
In the current study the privatization proceeds of the state-owned electricity distribution companies were investigated based on a number of factors, such as asset values, subscriber numbers, loss and illegal rates, and capital expenditures.
The dependent variable (y) is defined as the proceeds from the privatization of electricity distribution companies. The aforementioned factors are taken as independent variables. The independent variables (microeconomic "local" variables and macroeconomic "national" variables) are considered as follows:
x 1 : Total number of urban and rural transformers having standardized kVA and voltage levels for the jth distribution company.
x 2 : Loss-theft ratio (%) for the jth distribution company.
x 3 : Electricity sold (MWh) for the jth distribution company.
The share (%) of total subscribers in Turkey for the jth distribution company.
The share (%) of total electricity sold in Turkey for the jth distribution company. While x 1 , x 2, and x 3 are microeconomic parameters, x 4 and x 5 are related to macroeconomic parameters. The importance of the variables considered for an electricity distribution company is stated in Table 7 . Table 7 . Explanation of the importance of the parameters considered.
Parameter considered Explanation of the importance of the parameter x 1 Installed power, book value, depreciation, corporation tax advantage, load dispatch x 2 Much more investment requirement, loss of corporation tax, loss of company's income x 3 Income, tax, annual growth, new investments, load factor, demography x 4 Ability to use potential of electrical energy, tax transfer x 5 Productivity, trade of energy, gross domestic product (GDP), balance sheet of company, corporate tax, labor effect Because the parameters " x i " do not involve a normal distribution (see Table 8 ), nonlinear regression models are used. Skewness is a measure of data symmetry. Kurtosis is a measure of whether the data are peaked or flat relative to a normal distribution. Skewness and kurtosis will be zero for a normal distribution. Jarque-Bera is a deviation measure of the distribution from normal and is calculated based on the skewness and kurtosis. The statistical parameters for the data are presented in Table 8 . Error values for each model are given in Tables 9-13, respectively. Mathematically, for each model the ∂ y/ ∂ x i partial derivatives will reveal sensitivity for the privatization proceeds of the x variables. Sensitivities for the privatization revenues are presented in Table 14 . 
Updating of the regression models
Regression equations for privatization revenues were obtained for 2009. Privatization revenues (in USD) can be updated for the following year (t) using the regression equations obtained for 2009:
where REER is the abbreviation of real effective exchange rate. REER is defined as the weighted average of a country's currency relative to an index or basket of other major currencies adjusted for the effects of inflation. to a future year of t (e.g., 2010 and 2011). Specifically, k 1 is the ratio between the book value of the energy distribution company in year t and that in 2009; due to depreciation, k 1 is smaller than 1. The ratio between the gross domestic product (GDP) in year t and that in 2009 is expressed by k 2 , which would be greater than 1 in the case of economic growth. The ratio between the GDP deflator in year t and that in 2009 is expressed by k 3 ; k 3 is greater than 1 due to rising asset values because of inflation. In the case of deflation k 3 will be smaller than 1. The ratio of the corporate tax multiplier in year t to that in 2009 is expressed by k 4 . Any increase in corporate tax plays a role in reducing the net profit of the energy distribution company. If the privatization tender of an energy distribution company is postponed to any year t after 2009, the regression models obtained for 2009 can be adjusted for year t by using Eq. 
Conclusion
Privatization is extremely important in all developed and developing countries, with impacts on efficient company formations, revenue increments of the countries in order to ensure financial resources for new investments, and strategic planning. To achieve the expected benefits of privatization and to ensure suitable market conditions, the current benefits should not be below market expectations. A suitable setting for privatization is achieved in countries with economic and political stability.
In the current study, with the privatization revenues of 18 electricity distribution companies in Turkey, the relationships between microeconomic variables ( x 1 , x 2 , x 3 ) and macroeconomic variables (x 4, x 5 ) were investigated with the help of various models (Models 1-5). The private sector firms that participate in the privatization auctions for the electricity distribution companies are considered on an array of variables in addition to their price offers.
The least squares method is used for the proceeds from the privatization of electricity distribution companies, while y and x i are the dependent and independent variables, respectively.
The results obtained from the study are summarized below:
The privatization revenues of the energy distribution companies in Turkey are expressed in nonlinear equations, depending on microeconomic and macroeconomic variables. The data of the variables are far from normal distributions ( Table 8 ). The Pearson coefficient r values for the proposed 5 models are in the range of 0.943 to 0.405. The lowest correlation was found in model 1. Because the number of transformers (x 1 ) in the energy company is in the group of fixed assets, the impact over the privatization revenue in terms of business has been weak. The correlation of the leakage-loss rate in model 2 was found to be 0.560. The leakage-loss rate has a role in decreasing privatization revenues (Table 14) . The obtained low correlation can be explained by the reduced goals of the targeted leakage-loss rate. For example, the loss-theft ratio of the Dicle and Vangölü (Van Lake) energy distribution companies are 36.83% and 35.45% of the targets for 2010, while they are 73.39% and 55.56% for 2009, respectively. The loss-theft rates are inversely proportional to the income levels of the region. High correlations are observed in models 3, 4, and 5. The parameters x 3 , x 4 , and x 5 are related to the annual sales income of the energy distribution companies, the annual profit, productivity, net profit value, and internal rate of return. All three parameters are directly related to installed power, demography, subscriber profile (household/industry), and geographical properties. Briefly, the amount of electricity sold (MWh/year) is very effective on privatization revenues.
• Due to the fact that regression equations are nonlinear and the parameters of x are not normalized, the maxima and minima for the derivatives were found in a wide range.
• If the privatization revenues of the energy distribution companies in foreign countries are expressed by the proposed parametric equations, direct economic comparison and analysis can be performed with privatization revenues in Turkey.
• The proposed methodology for privatization revenues in the current paper can also be used for power plants and natural gas distribution companies. For example, in Turkey the privatization studies of 27 hydro power plants are ongoing. By defining the microeconomic and macroeconomic variables of these plants, the equation regarding privatization revenues can be obtained.
• The resulting models for the year 2009 can be used for future years by means of Eq. (3). This equation gives the base values for renewed energy distribution tenders. The regression equations can be useful in the coming years to private sector firms interested in participating in the privatization of electricity distribution companies.
• The numerical data used in this article relate to 2009, when the floating peg model was used in Turkey. If another foreign currency model is used (managed float, sliding band, crawling band, crawling peg, etc.), the regression coefficients derived from this article need to be corrected due to the variation form of the
